According to the use it or lose it hypothesis, intellectually stimulating activities postpone age-related cognitive decline. A previous systematic review concluded that a high level of mental work demands and job control protected against cognitive decline. However, it did not distinguish between outcomes that were measured as cognitive function at one point in time or as cognitive decline. Our study aimed to systematically review which psychosocial working conditions were prospectively associated with high levels of cognitive function and/or changes in cognitive function over time. Articles were identified by a systematic literature search (MEDLINE, Web of Science (WOS), PsycNET, Occupational Safety and Health (OSH)). We included only studies with longitudinal designs examining the impact of psychosocial work conditions on outcomes defined as cognitive function or changes in cognitive function. Two independent reviewers compared title-abstract screenings, full-text screenings and quality assessment ratings. Eleven studies were included in the final synthesis and showed that high levels of mental work demands, occupational complexity or job control at one point in time were prospectively associated with higher levels of cognitive function in midlife or late life. However, the evidence to clarify whether these psychosocial factors also affected cognitive decline was insufficient, conflicting or weak. It remains speculative whether job control, job demands or occupational complexity can protect against cognitive decline. Future studies using methodological advancements can reveal whether workers gain more cognitive reserve in midlife and late life than the available evidence currently suggests. The public health implications of a previous review should thereby be redefined accordingly.
INTRODUCTION
An ageing workforce challenges most Western countries 1 2 and calls for new strategies to prevent older workers from retiring early. Cognitive abilities are central in mental health, and even milder forms of cognitive decline impact daily function and well-being. 3 4 Despite important public health implications, it remains poorly understood how age-related cognitive decline impacts the ability to perform at work.
Like the body, the brain ages. A marked cognitive decline is observed around the age of 50 years. [5] [6] [7] It is mostly observed in fluid cognitive abilities such as working memory, episodic memory, reasoning abilities and processing speed. Crystallised abilities, for example, knowledge acquisition, are more resistant to age-related decline. 8 The modern labour market is increasingly characterised by jobs requiring cognitive rather than physical skills. 9 Most of today's work tasks represent some kind of mental challenge irrespective of whether it is advising a patient, interpreting a customer's needs or operating a machine. Highly mentally challenging jobs often require that the employee is able to process and organise a constant stream of complex information, adjust to new technologies and be creative and innovative. 10 11 In accordance with the 'use it or lose it' hypothesis, 12 the number of hours spent every day performing mentally complex tasks can strengthen an individual's cognitive capacity. Workers who have mentally complex jobs may experience a slower rate of cognitive decline than those who do not. According to Karasek's 13 demand control model, the beneficial effects of complex mental work demands also depend on an employee's level of job control or decision latitude. A work environment characterised by a high level of work demands and control fosters psychological well-being. This combination is characterised as an 'active job' and may advance cognitive function.
14 Conversely, jobs characterised by a high degree of work demands combined with a low level of control incur psychological strain, which may lower cognitive function. 15 However, the brain reserve theory suggests that it is the combination of congenital brain capacity and development of cognitive ability early in life that mainly accounts for an individual's level of cognitive function throughout the life course. 16 This theory assumes that individuals have a high level of cognitive function in late life because they had a high level of cognitive function in early years; nevertheless, the rate of cognitive decline over time is the same regardless of the level of cognitive function in early life. This phenomenon is also referred to as 'preserved differentiation'. By contrast, evidence of 'differential preservation' would require that specific environmental conditions could influence the level of cognitive function and the rate of cognitive decline. 12 17 Cognitive reserve is considered another supplementary reserve, which considers how the brain is able to compensate for age-related changes, damage or pathology. 18 An individual's level of cognitive function is reflected by prior cognitive level but can also be improved by experiences later in life such as education or a mentally challenging job. 19 To date, only one systematic review has examined the association between psychosocial working conditions and cognitive ageing. Then et al 20 Open Access Scan to access more free content conclude that psychosocial work conditions such as complexity of work and job control can protect against cognitive decline and dementia. The evidence to support the conclusions of the review is partly based on studies that measure cognitive function at one point in time 21 22 and, in our view, therefore not sufficient to support the notion that work conditions can protect against decline of cognitive abilities. 12 17 Without evidence of differential preservation, prior levels of cognitive function or education remained important confounders that could explain the higher level of cognitive function among individuals with a mentally complex job or a high level of job control.
A re-evaluation of the evidence from these alternative methodological perspectives could provide crucial evidence that either strengthens or refines the previous public health implications of Then et al's results. This study aimed to systematically review the evidence that addresses following research question: Which psychosocial working conditions are prospectively associated with individuals' levels of cognitive function and/or changes in cognitive function over time?
METHODS
This study was a systematic review following the general principles of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA). 23 
Search strategy
A systematic literature search was undertaken by a librarian at the National Research Centre for the Working Environment. The search string was defined by our inclusion/exclusion criteria ( The search included articles published until 1 August 2014. Articles were also identified by screening studies from reference lists of other relevant articles and reviews 20 and references recommended by colleagues within the field.
This study was part of a research project addressing three research questions. The systematic search therefore also included studies concerning all the research questions. This article reports findings regarding only the research question about work conditions and cognitive ageing.
Inclusion and exclusion criteria
We included articles written in English and studies measuring psychosocial work exposures in midlife or late life (table 1) . Owing to risk of reverse causation, we included only studies with a longitudinal design with at least one follow-up measurement of cognitive function. We aimed to review evidence in working populations and therefore excluded studies that examined cognitive decline in clinical populations-for example, dementia. We regarded psychological distress as a reaction to, rather than an exposure to, an environmental strain and therefore also excluded studies examining the impact of psychological distress on cognitive ageing.
Data extraction
We extracted information about each study's populations (nationality, age, selection criteria, number of participants), the number of waves and total follow-up in years. We distinguished between outcomes that were measured as levels of cognitive function at one point in time and/or outcomes that were measured as changes in levels of cognitive function over time (cognitive ageing). We also extracted how the outcomes were measured and information regarding the studies' results, statistical methods and the significance level ( p value or CI).
Quality assessment
We developed a quality assessment checklist based on checklist items from existing guidelines (box 1). [23] [24] [25] We included items from the checklists according to three overall quality criteria: the transparency of the applied theory, aims and methods; the quality of the available data sources and materials and the applicability of the results; and the quality of the way the available data sources were applied in the study.
We applied a scoring system of 0-10 points (0 indicating the worst quality and 10 the best quality). Points were given if the researcher could answer 'yes' to the checklist (1=yes, 0.5=par-tially, no=0; box 1) All studies included were cohort studies. We therefore put forward specific criteria that needed to be fulfilled to achieve points (labelled '#'; box 1). Since the studies were mainly longitudinal cohort studies, most of these criteria addressed the weaknesses specific to observational study designs. [23] [24] [25] [26] [27] Study procedure Three researchers (MAN, AME and VBO) carried out the systematic review from May 2014 to August 2015. The researchers had postdoc research experience ranging from 1 to 25 years. Two reviewers compared title-abstract screenings and full-text screenings for eligibility. The quality of each study was assessed independently by two researchers. The ratings were then compared. Discrepancies in ratings were first discussed and if necessary resolved by a senior researcher. Every study was categorised according to the final score: high quality (8-10 points), moderate quality (6-7.5 points), low quality (4-5.5 points) or very low quality (0-3.5 points). Only studies of moderate and high quality were included in the final synthesis of evidence.
Synthesis of evidence
The strength of the evidence was evaluated according to four levels: strong evidence: consistent findings from a minimum of two studies of high quality; moderate evidence: consistent results from two studies of moderate quality or consistent results from one study of high quality and one study of moderate quality; weak evidence: findings from one study of moderate or high quality; conflicting evidence: findings from at least one study of moderate or high quality that pointed in one direction and findings from a minimum of 33% of all studies of moderate or high quality that pointed in another direction; no evidence: consistent findings of no significant associations from minimum two studies of high or moderate quality; insufficient evidence: no studies of high or moderate quality that have examined the association.
RESULTS
From the 1845 identified articles, 1799 were excluded by screening titles or abstracts and 46 full-text articles were assessed for eligibility (figure 1). Of these, 24 articles were excluded mainly because of cross-sectional study designs or because stress was the chosen outcome. Of the 22 studies included for quality assessment, 11 were of moderate or high quality and therefore included in the final synthesis of evidence. All the studies were cohort studies. We categorised the studies according to the kind of psychosocial work conditions to which the employees had been exposed (table 2) : ▸ Mental work demands (n=4): Mental work demands or cognitive stimulation refer in these studies to the various mental activities required by the work tasks of a specific job. The demands were mostly measured as the employees' selfreported level of mental work demands. ▸ Work complexity (n=2): These studies classified complexity in accordance with the 'US classification'. This system has allocated a code (Dictionary of Occupational Titles) to each job title based on job analyst's ratings on the nature and content of different jobs. On the basis of job titles, the level of complexity of an individual's job is grouped into three categories: complexity of work with data, people or things. 28 29 ▸ Work environmental factors (n=5): Of these, three studies examined exposure to different dimensions of Karasek's 13 demand-control model, one organisational justice and one working hours.
Review of studies measuring exposure to mental work demands
Four studies 22 30-32 examined whether a high degree of mental work demands influenced cognitive function or cognitive decline (table 2) .
Fisher et al 30 showed in a large sample of nationally representative adults that work demands moderated the level and rate of change of episodic memory before and after retirement. Over an 18-year period, individuals in jobs characterised as highly mentally challenging had higher levels of cognitive function and a slower rate of decline than did individuals in jobs characterised as minimally mentally challenging.
Marquie et al 31 showed that participants who experienced a high degree of cognitive stimulation at work were associated with a higher cognitive function than were participants who experienced a lower level of cognitive stimulation. Within the first 5 years of the study period, all participants, regardless of the level of cognitive stimulation, improved their cognitive performance. This result was ascribed practice effects from the cognitive tests. In the subsequent 5 years, only participants who had a low level of cognitive stimulation at work exhibited accelerated cognitive decline.
Gow et al 32 found that individuals who had an intellectually stimulating job performed worse on cognitive tests than did those whose job involved manual labour after adjusting for
Box 1 Quality assessment checklist
Questions to assess the quality of the way the information is reported 1. Did the study clearly describe mechanism/theoretical assumptions in relation to the aims? (0-1 point) 2. Did the study address a clearly focused issue? (0-1 point) 3. Was the design and method clearly described?
▸ # Exact number of participants at each follow-up? (0-0.5* point) ▸ # Information about differences between dropouts and participants? (0-0.5* point) Questions to assess the quality of the available data sources 4. Was the cohort recruited in an acceptable way and in a way that minimised risk of selection bias? ( ▸ Strength of association according to statistical power and significance levels/CIs ▸ Bradford Hill's criteria (time sequence, dose-response gradient, plausibility, consistency) Accumulated points: Questions to assess the quality of the way the information is reported (questions 1+2+3) 0-3 points: Questions to assess the quality of the available data sources (question 4+5+6+9+10) 0-5 points: Questions to assess the applicability of the results (question 7 +8) 0-2 points: Total points (0-10): Rating of the answers to the questions: 'yes'=1 point; 'partially'=0.5 point; 'no/information' not available=0 points. * Answering 'yes'only gives 0.5 point because it is a subquestion. # Criterion must be fulfilled to get points.
general cognitive ability at baseline. Over a 30-year period, they found no effect of having a job that was experienced as cognitively stimulating on change in level of cognitive function.
Bosma et al 22 showed that participants in jobs with a high level of self-reported job demands were less likely to perform within the lowest 10th centile of composite cognitive test score at a 3-year follow-up.
Synthesis of evidence
Two studies of high quality 30 31 and one study of moderate quality 22 provided strong evidence that workers in jobs with a high level of mental work demands were prospectively associated with a high level of cognitive function. One study of moderate quality 32 showed the opposite effect. Since this study accounted for <33% of the results, it did not affect the final synthesis of evidence.
We found conflicting evidence as to whether mental work demands could protect against cognitive decline. Two studies of high quality 30 31 provided strong evidence that mental work demands slowed the rate of cognitive decline. One study of moderate quality 32 provided weak evidence that mental work demands had no effect on cognitive decline.
Review of studies examining exposure to occupational complexity
Two studies 33 34 examined the impact of the substantial complexity of work on cognitive function or cognitive decline (table 2) .
Finkel et al 33 examined how occupational complexity affected cognitive decline in a Swedish cohort of adopted twins before and after retirement. They found significant effects for only complex work with people and not with data or things. They found no differences in levels-or decline of episodic memory. In the period up until retirement, employees who had highly complex work performed better on tests assessing verbal and spatial ability, and processing speed and showed a slower rate of decline of verbal ability compared with employees who had a low level of occupational complexity. Although individuals retired from jobs with highly complex work scored higher on tests assessing spatial ability, they observed an accelerated decline of this ability after retirement. No significant differences Figure 1 Flow chart of the systematic literature search and review process. OSH, Occupational Safety and Health. Overall association of long working hours and poorer cognitive function (p=0.037, estimate not reported). Long working hours (REF=normal) poorer reasoning (mean difference=−1.14, p=0.040) vocabulary (mean difference= −0.38, p<0.032) NS: memory, phonemic and semantic fluency Medium working hours (REF=normal) poorer vocabulary (mean difference=−0.23, p=0.02) NS: memory, reasoning, phonemic and semantic fluency Overall association of working hours and change in score (p=0.044, estimate not reported). Long working hours (REF=normal) decline in reasoning (mean difference= −1.13, p<0.007) Medium long working hours (REF=normal) decline in reasoning (mean difference= −0.46, p<0.046) †Measured according to Karasek's 13 two dimensions: job control and job demands. Active job is defined as a high degree of job control and demands; job strain is defined as a low degree of job control and a high degree of demands. between declines of verbal and processing speed were found after retirement, indicating that only participants in high complexity jobs experienced a decline after retirement.
Schooler et al's 34 made a 30-year follow-up of Kohn and Schooler's 35 original study. The original study found that male workers with occupations involving complex work with people or data had a high level of intellectual flexibility. They also found that older workers had a higher flexibility than younger workers, and that the substantial complexity of the job was influenced by the degree of intellectual flexibility. Intellectual flexibility was mainly based on the researcher's interpretation of the participant's intellectual ability and therefore highly prone to bias. The follow-up study did not distinguish between the three dimensions of occupational complexity-people, data or things-however, standardised cognitive tests were used and the composite scores correlated with the initial measurements of intellectual flexibility.
The risk of selection bias, survival of the cohort bias and limited external validity applied to all the studies. These studies were nevertheless all of moderate quality because they accounted for most of these biases by their study designs and thorough analyses.
Synthesis of evidence
Two studies of moderate quality 33 34 provided moderate evidence that a high complexity of main lifetime occupation improved cognitive function over a period ranging from 12 to 30 years. We found weak evidence from one study of moderate quality 33 that complex work with people diminished decline of verbal ability in the period up until retirement and an accelerated decline of spatial ability after retirement.
Review of studies measuring exposure to psychosocial work environmental factors
Five studies [36] [37] [38] [39] [40] examined whether exposure to different work environmental conditions influenced the level or decline of cognitive abilities (table 2) .
Three studies examined Karasek's job strain and active job dimensions. After adjusting the results for employment grade, Elovainio et al 37 found no effect of cumulative exposure to job strain on five different cognitive domains. They did find that cumulative exposure to an active job increased the levels of two out of five different examined cognitive domains. They found no effect of exposure to job strain or active job on decline of verbal meaning or phonemic fluency in the period of 12 years. Andel et al 36 also failed to find an effect of job strain on the levels of overall cognitive function nor found that an active job consistently influenced cognitive function. A low level of job control was associated with a lower level of cognitive function in a period of 32 years, regardless of whether job control was self-reported or examined via occupational titles. Yu et al 40 also showed that a high level of job control increased the levels of verbal memory and inductive reasoning and improved these domains in a period of 14 years.
Elovainio et al 38 found that a low level of organisational justice had adverse effect on cognitive function-the impact on cognitive decline was not examined.
Virtanen et al 39 showed that long working hours lead to an overall poorer cognitive functioning and a faster rate of decline of reasoning. Whether long work hours also lead to an accelerated decline of vocabulary, phonemic and semantic fluency were not examined.
Synthesis
We found no evidence that job strain was prospectively associated with lower levels of cognitive function and conflicting evidence as to whether active jobs improved levels of cognitive function. 36 37 We found moderate evidence that job control improved cognitive function 36 40 and weak evidence that job control improved cognitive ability in a period of 14 years. 36 We found weak evidence that low organisational justice lead to lower levels of short-term memory, inductive reasoning and verbal fluency, but insufficient evidence with regards to cognitive decline. 38 We found weak evidence 39 that working long hours were prospectively associated with a lower level of inductive reasoning and an accelerated decline of inductive reasoning.
DISCUSSION
This systematic review showed evidence that workers exposed to high levels of mental work demands, occupational complexity or job control had higher levels of cognitive function when measured at midlife or late life, than workers exposed to low levels. Nevertheless, the evidence to clarify whether these psychosocial work factors also affected the rate of age-related cognitive decline was conflicting, weak or insufficient. We found no, and insufficient evidence, of an impact of job strain or active job on cognitive function. We found weak evidence that a low level of organisational justice lead to lower cognitive function and long working hours accelerated cognitive decline.
Our findings challenge the conclusion of a prior systematic review 20 stating that psychosocial work conditions can protect against cognitive decline. By contrast to the previous review, our review distinguished between outcomes measured at one point in time and changes over time. Reconsidering the evidence from these alternative viewpoints, it became clear that only few studies of high quality had examined the impact of psychosocial work conditions on age-related decline. The available evidence mostly supported theoretical mechanisms underlying the theory of brain reserve. Since we found no evidence of differential preservation, 41 the evidence to suggest that different psychosocial work factors can protect against cognitive decline remained inconclusive.
The same conclusions have been made in other research areas. Salthouse 12 concluded in a review that there was evidence to support the view that mental activity could improve the level of functioning but not slow the rate of decline over time. Nevertheless, for several reasons, it is too early to rule out that the psychosocial work environment can play a key role in cognitive ageing processes.
Although the evidence regarding cognitive decline was insufficient, conflicting or weak, it did not necessarily reflect 'no evidence'. Also, the heterogeneity among studies challenged proper comparison of findings. A total of 7 of the 11 studies included in the synthesis had measured cognitive decline, but the examined populations, age groups, exposures, cognitive tests, follow-up periods and statistical methods varied greatly across studies.
The studies measured work exposures by either self-report measurements or classification systems identifying job content from job titles. The studies mainly used validated scales and by contrast to classification systems, self-ratings can detect individual variability of job demands across different work contexts. However, self-report bias may have occurred. For example, selfratings of mental work demands could have been subject to social desirability bias resulting in exaggerated responses.
However, cohort effects and difference in cognitive performance at different ages were more likely to explain the conflicting findings with regards to mental work demands. 42 One study found no effect of the impact of work demands in a cohort of participants born in 1914 on cognitive decline when examined in participant's from age 70 to 80 years. 32 Yet, two studies that examined participants born after 1940 and who were between ages 41 and 61 found a protective effect. 30 31 Finkel et al 33 found that exposure to complex work with people, but not data or things, was associated with a slower rate of decline of verbal ability before retirement, but not a slower rate of spatial ability, processing speed or memory. After retirement, the impact on the different cognitive domains changed. These results remain speculative as individual's aged 40-50 years may be less vulnerable to cognitive decline than individuals aged 60-70 years. 43 Nevertheless, the findings indicated that the rate of cognitive decline varied according to the nature of the job and the related cognitive domain along with the intensity of the work exposure.
Cohort studies are particularly vulnerable to selection and survival of the cohort bias. Since all the included studies were longitudinal cohort studies, the quality assessment criteria addressed these biases, 24 44 and the studies that had not adequately minimised the risk of these biases were given lower scores. All the studies included in the synthesis had accounted for selection and survival of the cohort bias along with main confounders, such as sex, age, education or occupational grade. The majority of studies had also accounted for confounding health factors. However, few studies had controlled for prior cognitive ability or practice effects 45 and although we accounted for these in the overall quality assessment, we may have overestimated the protective impact of work factors on cognitive decline.
Prior, cognitive ability and education weakened the protective associations. In accordance with the theory of cognitive reserve, these findings indicated that factors determined early in life along with competences obtained later in life remained essential aspects of cognitive ageing processes. It is likely that the relationship between work complexity and cognitive ageing is reciprocal; 34 35 prior ability and education select individuals into high complexity jobs, but high complexity jobs also help individuals to obtain competences and maintain cognitive ability later in life.
Future studies need better theoretical and methodological frameworks to clarify whether the brain is more flexible than previously assumed. 18 19 Two aspects could advantageously be pursued further. As opposed to confounders, prior cognitive ability and education could be examined as mediating factors of the level of work demands and complexity obtained later in life. Future studies need to include intraindividual measurements of cognitive change and examine how changes in the intensity of work exposures influence the rate of decline of different cognitive domains.
CONCLUSION
The number of good quality studies examining cognitive decline was scarce and it remained speculative whether job control, job demands or occupational complexity protected against cognitive decline. The conclusions of a previous review and the public health implications should be redefined accordingly. By examining changes in mental work exposures along with intraindividual cognitive decline, future studies can reveal whether workers gain more cognitive reserve in midlife and late life than the available evidence currently suggests.
